SUMMARY A four-layer solid phase enzyme-immunoassay (EIA) with antisera against Nebraska calf diarrhoea virus (NCDV) as immunoreagents was developed to detect human rotavirus antigens from stool specimens of patients with acute rotavirus gastroenteritis. Polystyrene beads were used as the solid phase, guinea-pig and rabbit anti-NCDV immunoglobulin as the catching and secondary antibody, and peroxidase-conjugated swine anti-rabbit immunoglobulin as the indicator antibody. A comparison of the developed NCDV-EIA with an identical EIA, using antisera against human rotavirus (HRV-EIA) instead of NCDV antisera, was made with 216 stool specimens positive or negative for rotavirus. A complete agreement was obtained between the two methods provided that appropriate confirmatory tests were included. The developed NCDV-EIA was as sensitive and specific for rotavirus as the HRV-EIA, and it allowed the detection of both established rotavirus types 1 and 2 from stools with equal sensitivity. The difficulties in cultivating human rotavirus in vitro for immunisation and the relative ease of growing NCDV in widely-used continuous cell lines make NCDV a good alternative in the preparation of the highly specific and sensitive rotavirus antisera required in immunoassays, and facilitate the setting-up methods for the routine diagnosis of rotavirus gastroenteritis by EIA or RIA in diagnostic virus laboratories.
Rotavirus is the most important agent causing infantile gastroenteritis in hospitalised children. ' Several methods have been used to detect rotavirus antigens from stool specimens2-4 but radioimmunoassay (RIA)5 and enzyme-immunoassay (EIA)6 seem to be the best alternatives when large numbers of specimens must be studied daily.7 Most of the EIA and RIA methods reported so far have used animal hyperimmune sera prepared against human rotavirus as the immunoreagents. Since all attempts to adapt human rotavirus in commonly-used cell lines have been largely unsuccessful,8 it has forced most laboratories to purify the human rotavirus used for immunisation from the stools of children with acute gastroenteritis7 or from animals infected with human rotavirus.6 Such cumbersome methods for the purification of immunising antigen cannot be easily applied on a large scale in most laboratories, and alternative methods are required. Animal rotaviruses, on the other hand, grow in many cell lines when small amounts of trypsin are added to the maintenAccepted for publication 21 October 1980 ance medium.9 These animal rotaviruses also share a common group antigen with human rotavirus which cross reacts in serological tests.10 In the present report antisera against tissue-culture-adapted Nebraska calf diarrhoeavirus (NCDV)were used as immunoreagents in EIA for the detection of human rotavirus antigens from the stool specimens of patients with acute rotavirus gastroenteritis. The results of the developed method were compared with those of an identical EIA but with the use of antisera against the human rotavirus as immunoreagents. The immunising procedure for the preparation of rabbit and guinea-pig anti-NCDV hyperimmune sera is identical to the one described earlier for the preparation of anti-human rotavirus hyperimmune sera.7 The titres of both hyperimmune sera for NCDV were between one and two million as measured by EIA modified from RIA. 10 The preparation of rabbit and guinea-pig immunoglobulins and purified IgG from the anti-NCDV and anti-human rotavirus hyperimmune sera, respectively, were done as described earlier.7 13 EIA 
PROCEDURE
The principle of the EIA using anti-NCDV immunoglobulins as immunoreagents (NCDV-EIA) is identical to the one described earlier for EIA using corresponding anti-human rotavirus antibody as immunoreagents (HRV-EIA).14 Stool specimens in 200 l volumes in a single 1/20 (vol/vol) dilution or serially diluted were pipetted into disposable polystyrene tubes and a polystyrene bead (Precision Plastic Ball Co, Chicago, USA) with adsorbed guinea pig anti-NCDV immunoglobulins (0-25 pg/bead) was then added to each tube. After incubation at + 370C for one hour, the stool specimens were aspirated and the beads were washed twice with 5 ml of tap water.
A 200 ul volume of rabbit anti-NCDV immunoglobulin (4 ,ug/ml) was then added to each tube and the beads were incubated at + 37°C for one hour. The beads were then washed as described above and a 200 P,l volume of horse-radish peroxidase conjugated swine anti-rabbit immunoglobulins (Orion Diagnostica, Helsinki, Finland; 1/1000 dilution) was added to each tube. After one-hour incubation at + 37°C the beads were washed as described above, changed to new tubes, and a 500 pl volume of the substrate solution consisting of 3 mg/ml of oPhenylenediamine (OPDA, Koch-Light Laboratories, Colnbrook, Bucks, England) in 0-1 M citrate-Na2HPO4 buffer, pH 5 5, and 10 pJl of 30% H202 per 15 ml of the same buffer, was added to each tube. After one-hour incubation at room temperature in the dark, the reaction was stopped by adding 500 I-l volume of 1 M HCL (Orion Diagnostica, Helsinki, Finland) to each tube. 500 1 A 10% suspension of the stool specimens was made in phosphate-buffered saline (pH 7 35) and clarified by low-speed centrifugation. The supernatant fluid was used directly to make EM grids, and for the EIA it was diluted 1/2 in the EIA diluent to make the final dilution 1/20. If an ETA-positive specimen was found negative by the first EM the supernatant was further centrifuged in a Spinco 50 rotor at 30 000 rpm for 90 minutes, and the pellet resuspended in a small volume of distilled water. The negative staining on carbon-coated grids was done with 2% phosphotungstic acid and the specimens were examined using a Siemens Elmiscope or a JEM 100 electron microscope at an instrumental magnification of x 30 000.
Results
The EIA results of NCDV antigen detection either with human rotavirus antisera (heterologous antisera) (HRV-ELA) or with NCDV antisera (homologous antisera) (NCDV-EIA) are shown in Fig. 1 . The results indicate that both homologous and heterologous antisera easily detect NCDV antigen. The sensitivities of the NCDV-EIA and HRV-EIA for NCDV antigen were usually 3 and 10 ng/ml, respectively, but varied from I to 10 ng/ml of semipurified virus from test to test. Three type I and three type 2 stool specimens from children with acute rotavirus gastroenteritis were titrated in NCDV-EIA. It is evident from the results shown in Table 1 that both rotavirus types are detected by NCDV antisera and that NCDV-EIA is not type specific. All three type 1 and type 2 stool specimens were also positive in HRV-EIA. Table 2 shows the titrations of three rotaviruspositive and three rotavirus-negative stool specimens in NCDV-EIA and HRV-EIA. Each of the positive stool specimens was positive up to a dilution of 1/2000 or more in both assays and the individual cut-off points were approximately the same in each case for both assays. The absorbance values for the negative specimens were low in both assays. Twelve selected stool specimens were available which had been extensively studied by electron microscopy with negative results in spite of the concentration of specimens by ultracentrifugation. However, all these specimens were clearly positive in RIA and ETA with human rotavirus antisera. Now tested in NCDV-EIA all were positive and the bindings proved specific in NCDV-confirmatory test. Representative results of the NCDV-confirmatory test for two such specimens are shown in Table 3 .
Ninety-eight rotavirus-negative and 118 rotaviruspositive stool specimens earlier studied in HRV-RIA and HRV-EIA were tested in NCDV-EIA (Fig. 2a  and b) . Out of these 98 RIA-negative stools, 95 were negative and 3 specimens were positive in HRV-EIA; in NCDV-EIA 97 specimens were negative and one was positive. Out of 118 rotavirus RIA-positive specimens 114 were positive in both EIA tests; two specimens were negative in HRV-EIA and three specimens were negative in NCDV-EIA. All specimens with contradictory results between HRV-EIA and NCDV-EIA and all the results of rotavirus RIA-positive specimens with absorbance values < IP5 and of rotavirus RIA-negative specimens with absorbance values > 0 5 were tested in appropriate confirmatory tests. The results of the NCDV and HRV confirmatory tests proved the specificity of the binding with the rotavirus RIA-positive specimens, and showed that the positive reactions with the rotavirus RIA-negative specimens were nonspecific in nature. The confirmatory tests also proved the specificity of the binding, in spite of the weakness of the reactions, of the four specimens with absorbance values slightly below the cut-off line in either or both EIA tests. Furthermore, three of these four specimens also contained characteristic rotavirus particles when studied in electron microscopy.
Discussion
The results of this study indicate that NCDV antisera can be used effectively as diagnostic reagents in rotavirus EIA instead of human rotavirus antisera. Complete agreement was obtained with the HRV-EIA and NCDV-EIA with rotavirus-positive and -negative specimens provided that appropriate confirmatory tests were included. The sensitivities of the assays were practically the same, and both tests detected small amounts of rotavirus antigens in stools which escaped detection by the electron microscope.
The NCDV used in this study for the production of immune sera in animals was adapted at first to grow in LLC-MK2 cells'0 but can also be grown in other cell lines such as BSC-19 and Vero cells. Since these cell lines are widely used in virus laboratories and also available commercially, the cultivation of NCDV for diagnostic purposes should not cause problems. The only special requirement of the NCDV is the need to add small amounts of trypsin to the maintenance medium. 9 Electron microscopy of the purified immunising antigen showed that most of the viral particles were incomplete-that is, devoid of the outer capsid. It has 
